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HUURU DQG UHODWLYHO\ ORZ SULFH ERQGHG HOHFWULFDO UHVLVWDQFH VWUDLQ JDXJH LV ZLGHO\ DSSOLHG >@+RZHYHU WKHVH
WUDGLWLRQDO VWUDLQ JDXJHV FDQ
WPHHW WKH UHTXLUHPHQWV RI ODUJH DUHD RU QRQFRQWDFW VWUHVV RU VWUDLQ GHWHFWLRQ >@
5HFHQWO\UHSRUWVKDYHVKRZQWKDWXWLOL]LQJWKHYDULDWLRQRI4'V¶IOXRUHVFHQFHLQWHQVLW\LQUHVSRQVHWRWKHWHQVLRQ
DQGWKHSUHVVXUHWKH4'VHSR[\UHVLQFRPSRVLWHVFRDWLQJPD\FRQTXHUWKHEDUULHU
4XDQWXP GRWV DV IOXRUHVFHQFH QDQRVHPLFRQGXFWRUPDWHULDOV DUH FXUUHQWO\ EHLQJ XVHG LQ ILHOGV RI ELRORJLFDO










7KLVSDSHU UHVSHFWLYHO\ LQYHVWLJDWHG4'V3/ LQWHQVLW\ FKDQJH LQ UHVSRQVH WR WHQVLRQ VWUDLQV DQGSUHVVXUH VWUDLQV















,Q RUGHU WR LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ IOXRUHVFHQFH LQWHQVLW\ DQG VWUDLQ RI 4'VHSR[\ UHVLQ
QDQRFRPSRVLWH WHQVLOH DQG FRPSUHVVLYH WHVWVZHUH SHUIRUPHGZLWK WKH WHQVLOH DQG FRPSUHVVLYH VDPSOHV DQG WKH
FKDQJHRIWKHIOXRUHVFHQFHLQWHQVLW\ZDVUHFRUGHGDWWKHVDPHWLPH([FLWDWLRQOLJKWZDVSURYLGHGE\QP89
/('OLJKWDQGWKHVSHFWUDGDWDZHUHREWDLQHGE\VSHFWURPHWHU2FHDQ2SWLFV4(3UR)/7KHGLVWDQFHIURPWKH




RI WKH IOXRUHVFHQFH LQWHQVLW\ ZHUH UHFRUGHG V\QFKURQRXVO\ 7KH ORDG ILUVW FKDUJHV IURP  1 WR  1 WKHQ
GLVFKDUJHVWR1/RDGLQJDQGXQORDGLQJUDWHVNHSWDW1PLQ
$OVRWKHQDQRFRPSRVLWHVRI4'VHSR[\UHVLQZHUHFRDWHGRQWKHVXUIDFHRIPHWDOWHQVLOHVSHFLPHQE\WKHVSLQ
FRDWLQJPHWKRG$ WKLQ ILOP OD\HUZLWKXQLIRUP WKLFNQHVVRQ WKH VDPSOH VXUIDFHZDVREWDLQHGDIWHUGU\LQJ LQ WKH
RYHQ DW WKHć IRUK7KHQ WKH F\FOHXQLD[LDO WHQVLOH WHVWVZHUHSHUIRUPHGRQ WKHXQLYHUVDO WHVWLQJPDFKLQH
0766$16 &07 ZLWK WKH PHWDO WHQVLOH VSHFLPHQ FRDWHG ZLWK 4'VHSR[\ UHVLQ QDQRFRPSRVLWH 7KH
VDPSOHVZHUH ORDGHGRUXQORDGHGZLWK WKH UDWHRIN1SHU VHFRQGVDQG WKHQKROG ORDG IRU VHFRQGVXQWLO LW
UHDFKHV WKHPD[ ORDGN1RUPLQ ORDGN1 ,QRUGHU WRHQVXUH WKHPHWDO VDPSOHVZHUH LQHODVWLF UDQJH WKH
PD[LPXPORDGZDVFRQVWUDLQHGWRN17KHVSHFWUXPZDVUHFRUGHGHYHU\N1
,QRUGHU WRVWXG\ WKH4'V¶VL]HV¶ LQIOXHQFHV WR WKH UHODWLRQVKLSEHWZHHQIOXRUHVFHQFH LQWHQVLW\DQG4'VHSR[\
UHVLQ FRPSRVLWHV¶ VWUDLQ DQ H[SHULPHQWZDV FRQGXFWHGE\ DGGLQJ WZRGLIIHUHQW VL]HV4'V QPQP LQWR






E6SHFWUD IURP  GLIIHUHQW GHIRUPDWLRQ RI WHQVLOH VSHFLPHQ F7KH PD[ 3/ LQWHQVLW\ YDULDWLRQ ZLWK WKH WHQVLOH
GHIRUPDWLRQLQFUHDVLQJG&RPSUHVVLYHVSHFLPHQDQGFRPSUHVVLYHGHYLFHH6SHFWUDIURPGLIIHUHQWGHIRUPDWLRQRI
FRPSUHVVLYH
)LQDOO\ WKH WHQVLOH VDPSOHVZLWKGLIIHUHQWGHIRUPDWLRQZHUHREVHUYHGE\KLJKUHVROXWLRQ WUDQVPLVVLRQHOHFWURQ
PLFURVFRSH+57(0 WR LQYHVWLJDWH WKHFRQFHQWUDWLRQFKDQJLQJRI4'V LQ WKHQDQRFRPSRVLWH7KHIRUFHVRI1
11DQG1ZHUHUHVSHFWLYHO\ORDGHGRQWKHIRXUVDPHWHQVLOHVSHFLPHQVDQGWKHWHQVLOHVWUDLQVRI





DUH VKRZQ LQ )LJ $ORQJZLWK WKH LQFUHDVH RI H[WHQVLRQ UDWH4'V 3/ LQWHQVLW\ SUHVHQWV D FOHDU GHFUHDVH)LJ
EWKH 3/ LQWHQVLW\ GHFUHDVH E\ ZKHQ WKH HORQJDWLRQ RI WKH VDPSOH LQFUHDVH IURP  WR )LJ F
VKRZV WKDW WKH SHDNV RI 3/ LQWHQVLW\ GHFUHDVHZLWK WKH LQFUHDVH RI WKH GHIRUPDWLRQ GXULQJ WKHZKROH VWUHWFKLQJ
SURFHVV+RZHYHUWKHFKDQJHRI3/LQWHQVLW\GXULQJFRPSUHVVLRQSURFHVVLVWKHRSSRVLWHRIWKHWHQVLOHSURFHVV$V
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VKRZQLQ)LJHWKH3/LQWHQVLW\LQFUHDVHZLWKWKHLQFUHDVHRIWKHFRPSUHVVLRQUDWLRDQGWKH3/LQWHQVLW\LQFUHDVH
E\ZKHQFRPSUHVVLRQ UDWLR LQFUHDVH IURP WR)LJIVKRZHG WKDW WKHFKDQJHVRI WKH3/ LQWHQVLW\
SHDNZLWKWKHFRPSUHVVLYHGHIRUPDWLRQGXULQJWKHZKROHFRPSUHVVLRQSURFHVVEHIRUHWKHFRPSUHVVLRQUHDFKHGWKH
\LHOGWKH3/LQWHQVLW\SHDNLQFUHDVHZLWKWKHLQFUHDVHRIFRPSUHVVLRQUDWLRDQGWKHRSSRVLWHWUHQGDSSHDUHDIWHUWKH
\LHOG7KHUHDVRQZK\ WKHRSSRVLWH WUHQGRFFXUUHG LV WKDW WKHVSHFLPHQEHQWDIWHUFRPSUHVVHG WR WKH\LHOGZKLFK
PDNHWKHVDPSOHVXUIDFHVWD\DZD\IURPWKHILEHUSUREH














































)LJ 7KH WZR FXUYHV UHDFKHG WKHSHDNRU WKHPLQLPXP LQ WKH VDPHPRPHQWZKLFKGHPRQVWUDWHV WKH FKDQJLQJ
EHWZHHQ3/ LQWHQVLW\PD[ DQGGHIRUPDWLRQKDYH WKHGHVLUDEOH WLPH V\QFKURQL]DWLRQ7KH FKDQJH ODZNHHS VWDEOH
GXULQJWKHF\FOHVZKLFKLQGLFDWHVWKDWWKLVQDQRFRPSRVLWHFDQEHXVHGIRUGHWHFWLQJVWUDLQFLUFXODUO\
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)LJXUH  VKRZV WKDW ZKHQ DGGLQJ WZR GLIIHUHQW VL]HV RI TXDQWXP GRWV WKH HPLVVLRQ SHDNV RI GLIIHUHQW
ZDYHOHQJWKV NHHS WKH VDPH FKDQJLQJ WUHQG ZLWK WKH WHQVLOH GHIRUPDWLRQ RI WKH VSHFLPHQ $V VKRZQ LQ )LJ D
QPLVWKHZDYHOHQJWKRIWKH4'VZLWKWKHVL]HRIQPDQGQPLVWKHZDYHOHQJWKRIWKH4'VZLWKWKHVL]H
1792   S.F. Yin et al. /  Procedia Engineering  130 ( 2015 )  1788 – 1794 
RIQP7KHFKDQJHRIVSHFWUDOFXUYHVDWWKHZDYHOHQJWKVSRWVDUHVLPLODU)LJEVKRZVGXULQJWKHZKROHWHQVLOH













3/ LQWHQVLW\ZRXOG FKDQJH VLJQLILFDQWO\ DORQJZLWK WKH GHIRUPDWLRQ$QG WKLV UHODWLRQVKLSPDLQWDLQHG GXULQJ WKH
ZKROHWKUHHF\FOHVZKLFKPDNHWKLV4'VHSR[\UHVLQQDQRFRPSRVLWHSRVVLEOHWREHGHVLJQHGDVDQHZLQVLWXVWUDLQ
JDXJH ,Q WKHVH WHQVLOHRU FRPSUHVVLYH WHVWV WKH VWUHVVRI WKH VSHFLPHQV DUH OHVV WKDQ03D%XW UHVHDUFKHV DQG
H[SHULPHQWVFRQGXFWHGE\RWKHUUHVHDUFKJURXSVRULQVWLWXWLRQVKDYHUHYHDOHGWKDW3/LQWHQVLW\RI4'VGRQRWFKDQJH
HYHQZKHQWKH\DUHXQGHU03D>@6RWKHORDGZLOOQRWGLUHFWO\DIIHFWWKH3/LQWHQVLW\RIDVLQJOHTXDQWXPGRW
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0HDQZKLOH)LJVKRZHGWKDWWKHUHVSRQVHVRIGLIIHUHQWVL]HV4'V¶3/LQWHQVLWLHVWRWKHVWUDLQVVWD\DOPRVWFRQVWDQW
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